Nowadays, the epidemic of obesity and metabolic syndrome can be observed not only among adults, but also amid the younger population, with more than 380 million children and adolescents worldwide being affected by these phenomena. Obesity is considered a systemic chronic metabolic disease resulting from the imbalance between energy intake and expenditure. The World Health Organization (WHO) has identified obesity as the most serious chronic disease, which, if untreated, leads to dangerous health problems (hypertension, heart failure, as well as kidney, nervous system and eye diseases). Recent scientific findings indicate a close relationship between obesity/metabolic syndrome and changes in the oral environment in children and adolescents. Obesity significantly increases the incidence of dental hard tissue diseases, periodontal diseases and diseases of the stomatognathic system. It also affects the secretion activity of the salivary glands, which changes the quantitative and qualitative composition of unstimulated and stimulated saliva. It is believed that in the face of a growing epidemic of obesity in children and adolescents, dental practitioners should also participate in the systemic treatment and prevention in this group of patients.
Introduction
The World Health Organization (WHO) estimates that over 1.9 billion adults in the world are already overweight (body mass index (BMI) > 25 kg/m 2 ), 650 million of whom are obese (BMI > 30 kg/m 2 ). More than 380 million children and adolescents worldwide are also affected by this phenomenon. In developing countries, 23.8% of boys and 22.6% of girls were overweight or obese in 2013. 1 The WHO has identified obesity as the most serious chronic disease, which, if untreated, leads to dangerous health problems (hypertension, heart failure, as well as kidney, nervous system and eye diseases). Other health problems associated with obesity include type 2 diabetes mellitus (T2DM), lipid metabolism disorders, reflux, and obstructive sleep apnea. 2, 3 It has also been demonstrated that obese children experience psychological and psychosomatic problems such as depression, low self-esteem, eating disorders, and anxiety disorders much more frequently than their peers with normal body weight; furthermore, obese children are more likely to fall victim to social discrimination and bullying, which leads to the deterioration of the quality and comfort of their lives. 4 The problem of metabolic disorders related to obesity and insulin resistance was first described in 1988. 5 However, it was only 10 years later, in 1999, that the WHO and the European Group for the Study of Insulin Resistance (EGIR) proposed a definition of metabolic syndrome. It was assumed that, in addition to abdominal obesity, at least 2 other metabolic disorders listed by the International Diabetes Federation (IDF) must occur simultaneously for metabolic syndrome to be diagnosed: increased triglyceride (TG) concentration (>150 mg/dL), decreased concentration of high density lipoprotein (HDL) (<40 mg/dL for men and <50 mg/dL for women), hypertension (≥130/85 mm Hg), T2DM, or impaired fasting glycemia (IFG) (≥100 mg/dL). In adults, abdominal obesity is defined as excessive adipose tissue deposited in the abdomen and accompanied by negative health effects. For children and adolescents, abdominal obesity was defined based on waist circumference (WC) ≥90 th percentile value for age and sex. 6 Obesity is considered a systemic chronic metabolic disease resulting from the imbalance between energy intake and expenditure, which is a very serious health problem due to its prevalence.
Recent scientific findings indicate a close relationship between obesity/metabolic syndrome and changes in the oral environment in children and adolescents. Obesity significantly increases the incidence of dental hard tissue diseases, periodontal diseases and diseases of the stomatognathic system. It also affects the secretion activity of the salivary glands, which changes the quantitative and qualitative composition of unstimulated and stimulated saliva. Therefore, the aim of this article was to review contemporary literature on oral implications of obesity and metabolic syndrome in children and adolescents.
Obesity and periodontal disease
Adipose tissue is considered not only spare material for the body, but also a biologically active organ. With significant accumulation, this tissue is believed to be the largest endocrine organ in the body. 7, 8 Obesity has been defined as a chronic inflammatory disease, in which the deposition of adipocytes may result in increased production of several cytokines, including tumor necrosis factor α (TNF-α), interleukins (IL) IL-1β, IL-6 and IL-8, and proinflammatory monocyte chemotactic protein-1 (MCP-1). 9, 10 This facilitates macrophage infiltration and contributes to the formation of a proinflammatory environment, also in the periodontium. [11] [12] [13] Interleukin 1β and IL-8 are cytokines that stimulate the periodontal inflammatory processes. Interleukin 1β stimulates B and T type cells, endothelial cells, and, above all, osteoclasts, which results in the intensification of the bone resorption processes. 14, 15 Moreover, the stimulating effect on osteoclasts is demonstrated by TNF-α. 16, 17 Interleukin 8 chemotactically affects granulocytes, the role of which is to release lysosomal enzymes and metalloproteinases (MMPs), involved in the degradation of the extracellular matrix of periodontal tissues. 16, 18 The activation of granulocytes also results in several dozen times higher oxygen consumption. This phenomenon is referred to as a respiratory burst and is aimed at the production and release of large amounts of superoxide anion radical and, consequently, other free oxygen radicals outside the cell. 19 Increased production of reactive oxygen species (ROS) with inadequate antioxidant response, observed in periodontal tissues of the obese, leads to the development of oxidative stress, [20] [21] [22] which intensifies inflammatory changes in the periodontium. 23 Adipocyte activity has been confirmed to influence the development and/or severity of periodontal disease. 16, [24] [25] [26] Furthermore, as shown by Reevez et al., even a 1-kilogram increase in body weight may increase the risk of periodontal disease by 6% in the group of obese teenagers over 17. 27 Zhao et al. observed that in the absence of considerable differences in the clinical condition of the periodontium, obese children demonstrate a significant increase in TNF-α concentration in the gingival pocket fluid compared to children with normal body weight. 28 This is confirmed by the results of the study by Lundin et al. 29 Modéer et al. noted an increase in the concentration of proinflammatory interleukins (IL-1β and IL-8) in gingival pocket fluid of obese children compared to healthy subjects with normal body weight. 30 The immunological disorders associated with obesity modify the bacterial flora of the subgingival plaque, which also predisposes obese patients to the occurrence of periodontal disease. Three times as many bacteria (of the 23 species included in the study) were found in obese teenagers as in their peers without overweight, and the amount of proteobacteria, Campylobacter rectus and Neisseria mucosa was even 6 times higher. However, the relationship between obesity and the number of bacteria in the subgingival plaque was not affected by the rate of saliva secretion, medications taken, chronic diseases, visible plaque index (VPI), bleeding on probing (BOP), or frequency of consumed meals. 31 The number of scientific studies confirming the relationship between obesity and periodontitis in children and adolescents is low compared to the number of similar studies conducted among adults. In the study involving 12-year-old obese children, Sfasciotti et al. noted a significant increase in the full-mouth bleeding score (FMBS) (26.24%) compared to children with normal body weight (12.7%). 8 In the study conducted by Modéer et al., the number of obese teenagers with BOP < 25% did not differ considerably from the number of peers with normal body weight, but there were significantly more obese adolescents with BOP ≥ 25% compared to those with normal body weight. 25 The relationship between body weight and the periodontium condition was also found in the study involving adults. The study by Lehmann-Kalata et al. showed a statistically significant increase in the gingival index (GI) and sulcus bleeding index (SBI) values in obese people in comparison to those with normal body weight. 32 The study by Zeigler et al. showed no correlation between BMI, dietary habits, hygiene, and oral hygiene in obese adolescents. 33 However, obese teenagers with gingival pocket depth (PD) ≥4 mm had significantly more points with BOP ≥ 25% and considerably higher systolic blood pressure than obese teenagers with PD < 4 mm. 33 This data may confirm the assumption that periodontal disease in obese adolescents has an impact on organ complications of obesity, leading to the development of arteriosclerosis and cardiovascular diseases. Also Scorzetti et al. noted a significant increase in the values of periodontal disease indicators, including the oral hygiene index (OHI), approximal plaque index (API) and BOP, and a higher percentage of pockets with a probing depth exceeding 4 mm in obese children aged 6-13 compared to peers with normal body weight. 24 Although none of the subjects showed a loss of connective tissue attachment (clinical attachment level -CAL) ≥3, the authors observed an increase in the CAL value in obese children compared to healthy controls. 24 While studying adults, Saito et al. also observed that the number of people with deeper periodontal pockets increased with the increase in BMI. 34 The researchers found a significant correlation between the waist-hip ratio (WHR) and BMI, and increased risk of periodontitis. 34 However, Konopka et al. in their study involving 200 adults, did not find any relationship between the condition of the periodontium and BMI. 35 The authors only demonstrated a higher API value in subjects with excessive body weight compared to slim people. 35 It should be recalled that the intensification of inflammatory lesions in the periodontium was also observed in the course of obesity complicated by T2DM.
In the study by Janem et al., GI was significantly higher in obese children with T2DM than in obese children without diabetes and children with normal body weight aged 10-19. 36 Diabetes, which is considered part of the metabolic syndrome, affects the periodontium condition through a variety of factors, including weakened function of neutrophils, activity of advanced glycation end products (AGEs), microangiopathies, and change in collagen metabolism. 37 The study by Chacon et al. showed that the expression of monocytes after bacterial lipopolysaccharide (LPS) stimulation, manifested by increased production of TNF-α and IL-1β, was much higher in patients with T2DM than in non-diabetic patients. 38 Upon binding to AGEs, cells with receptor for advanced glycation end products (RAGE) on their surfaces, i.e., macrophages, monocytes and endothelial cells, increase the production of proinflammatory cytokines, permeability of blood vessels and oxidative stress. Excess free oxygen radicals can lead to tissue damage through, for instance, DNA damage. Excess AGEs also affect gingival fibroblasts by inhibiting the production of collagen and glycosaminoglycans by these cells. 37 The study by Kumar et al. indicates that patients with periodontitis, but without metabolic disorders, have 3 times lower concentrations of MMP-9 and 2 times lower concentrations of MMP-8 than patients with periodontitis and diabetes. 39 Increased concentrations of MMPs in the course of diabetes can lead to increased bone resorption.
Obesity and dental hard tissue diseases
Obesity and dental caries have many common causal factors, such as increased sugar intake, poor eating habits, 40, 41 and regular consumption of snacks and soft drinks. 42 However, the results of studies on the relationship between metabolic syndrome or obesity and the prevalence of caries in children and adolescents are ambiguous. The studies by Gupta et al., 43 Tong et al., 44 Yen and Hu, 45 and Hilt and Daszkowska 46 demonstrated no correlation between the occurrence of caries and obesity, which is confirmed by the meta-analysis of data from the National Health and Nutrition Examination Survey (NHANES III and NHANES 1999-2002) . 47 Hilt and Daszkowska even found that in the group of adolescents with high BMI, the percentage of people free from caries was higher than in the group of teenagers with normal body weight. 46 Gerdin et al. observed, however, that the prevalence of caries dropped with the increase in the socioeconomic status in each age group of children with overweight/obesity, while BMI of these children was unrelated to their socioeconomic status. 48 The researchers also found that obese children with BMI > 30 had more teeth with caries than children with normal body weight (BMI < 25), and that BMI correlated quite poorly with the decayed, missing and filled teeth (DMFT) index. Interestingly, Gerdin et al. also observed that children aged 5, 7 and 10 with normal body weight, but overweight/ obese in the past (when aged 4), had significantly less caries than children aged 4-10 with normal body weight from birth. 48 On the other hand, Willerhausen et al. noted that out of 1,290 primary school pupils, as many as 44.7% of children with underweight and 40.7% with normal body weight had healthy teeth without caries, while in the group of children with overweight and obesity, the rate was 30.5% and 31.7%, respectively. 49 Costacurta et al. observed a close relationship between tooth decay and obesity in children aged 6-11 resulting from a very high positive correlation between the DMFT index and the percentage of adipose tissue in the body (body fat mass -FM%). 41 The results of the aforementioned study 41 are consistent with the observations of Modéer et al. 25 and Gunjalli et al. 50 Moreover, Bailleul-Forestier et al. found a positive correlation between BMI and the DMFT indicator. 51 However, Alm et al. demonstrated that in the group of overweight 15-yearolds (age-specific BMI ≥ 25), caries defects on the proximal surfaces were significantly more common and that regular consumption of sweet snacks and beverages in early childhood predisposes to a high risk of caries in 15-year-olds. 42 Also, the study conducted by LehmannKalata et al. in a group of adults confirmed higher intensity of caries in obese people. 32 Pannunzio et al. 52 suggest that decreased activity of salivary peroxidase (an enzyme responsible for the antibacterial and antioxidant properties of saliva 53 ) may be the cause of increased incidence of caries in obese children. The said reduction of salivary peroxidase activity and the observed raised content of protein and free sialic acid (SA) in the saliva of obese people may lead to increased bacterial adhesion and colonization of the oral cavity by carious bacteria (Lactobacillus acidophilus and Streptococcus mutans). As a result, the rate of plaque creation may increase, which may lead to the formation of new caries defects in the future. This hypothesis is contradicted by the studies by Fadel et al. 26 and Tong et al., 44 as these researchers showed a similar microbiological profile and a comparable amount of carious bacteria in the saliva of obese children and children with normal body weight.
It is believed that both obesity and the severity of caries in children and adolescents are related to the education and economic status of their parents. Gerdin et al. demon strated that parents of obese children with caries were less educated and in a worse socioeconomic situation than parents of children with normal body weight and without caries. 48 It should also be remembered that children/teenagers often have sweet snacks between meals, which leads to the development of obesity and caries. Costacurta et al. found no differences in the frequency of sugar consumption with main meals, home and school oral hygiene, and the habit of eating after brushing teeth between children with normal body weight without caries, obese children without caries and obese children with caries. 41 However, the group of obese children with caries was distinguished by higher frequency of sugar consumption between main meals, as well as higher intake of sweetened beverages. 41 The existing literature contains data indicating the connection between obesity and the occurrence of tooth erosion in children and adolescents. Tong et al. believe that the teeth of obese children are less exposed to dental caries, but more susceptible to the development of noncarious cavities, i.e., erosion. 44 It has been demonstrated that obese children are 26 times more likely to experience dental erosion than children with normal body weight. Erosion in obese children occurs mainly on the palatal surface of the incisors, while in children with normal body weight, it occurs on various tooth surfaces. What is more, obese children had a higher degree of tooth erosion, but not a higher number of eroded tooth surfaces compared to children with normal body weight. 44 Increased dental erosion in obese children may result from excessive consumption of carbonated beverages, and in children on a slimming diet -from increased consumption of juices and energy drinks, as well as fruit, including citrus fruits. 44 Other reasons for the intensification of erosive lesions include the use of chlorinated pools, induced vomiting and gastroesophageal reflux disease (GERD). Also, asthma may increase the incidence of dental erosion in children, which most probably results from the influence of therapy of this disease on the secretion and composition of saliva. 54 The study by Pandolfino et al. confirmed the positive relationship between BMI and the risk of GERD.
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Obesity and the stomatognathic system
Obesity also affects the function of the respiratory system in children. Excessive adipose tissue in the thoracicabdominal region changes the mobility of the chest and diaphragm, which in turn reduces the maximum ventilation capacity and fixes a fast, shallow pattern of breathing. 3 It has been proven that pressing the palate with fat cells results in decreased muscle tension, increased pharyngeal resistance and sleep apnea in obese people. Moreover, reduced thoracic cage compliance and an overload of the respiratory muscles interfere with breathing while sleeping. 56 As evidenced by Marino et al., obese children suffering from obstructive sleep apnea have mild mandible retrognathia and increased skeletal divergency of the lower facial height. 57 Increased pharyngeal resistance in children raises airflow through the mouth. The consequence of breathing through the mouth is an imbalance in the activity of the tongue, cheeks and lips (flaccid, incompetent lips). The lack of airflow through the nasal cavity entails the growth of the jaw and the formation of a narrow, high-arched palate. This leads to consequences of skeletal (development of skeletal Class II malocclusion), dental (front open bite, lateral crossbite, deep overjet), and facial (narrow nostrils, long face, incompetent lips) nature. 58 Due to the increased release of growth hormone in the course of obesity 59, 60 and intensified secretion of leptin by adipose tissue, affecting cartilaginous growth centres, 61 changes in skeletal and dental age are observed in obese children. These children present an earlier onset of puberty and shorter duration of puberty compared to the lean ones. 61 It is commonly known that dental and skeletal age are the determinants of the starting point for the application of permanent braces, as well as the choice of an appropriate orthodontic treatment method in ado lescent patients. While examining children between 7 and 15 years of age, Hilgers et al. found that dental age, according to Demirjian, was higher in obese and overweight children compared to that of children with normal weight. 62 The study by Mack et al. demonstrated that each BMI percentile for a given age of a child means 0.005 years of growth for tooth age (which determines the stage of dentition development in relation to the metric age of a child). 60 This means that the difference in tooth age between slim and obese children may be even several months (about 5 months). 60 Moreover, it was observed that, in the period of mixed dentition, an obese child has approx. 1.44 times more teeth erupted than a child with normal body weight. 63 Considering the fact that an accelerated rate of teeth eruption may significantly affect the oral health of children -from periodontal inflammation, through increased intensity of caries and occlusion defects, to diseases of the temporomandibular joint -the need for more frequent periodic evaluation of the oral cavity in overweight or obese children and adolescents should be stressed.
In obese children (especially girls), deviant craniofacial morphology is also observed. These changes concern mainly the length of the mandible, which is approx. 6 mm longer in obese girls and 8.7 mm longer in obese boys compared to their slim peers. Obese adolescents show not only an increased anterior cranial base length, but also greater maxillary and mandibular prognathism. 61 Studies have shown that in obese teenagers, 13 years of age is most frequently the period of the peak growth of the mandible, which was not observed in a group of adolescents with normal body weight. 60 Achieving the peak of mandible growth corresponding to Stage 3 of cervical vertebral maturation is the moment when the orthodontic treatment of skeletal Class II malocclusion should be started. 64 Therefore, Mack et al. suggest that orthodontists, when planning treatment, should consider an earlier date of its commencement in obese patients with skeletal Class II malocclusion compared to patients with normal body weight. 60 In the study involving a group of teenagers with fixed braces, Saloom et al. found that obese adolescents had a significantly higher rate of tooth movement over the period of alignment than those with normal body weight.
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Changes in the quantitative composition of saliva in obese children
Saliva is a secretion of the salivary glands that provides a fluid environment for the oral ecosystem. Saliva moisturizes oral tissues, enables articulation and initial digestion of food, as well as swallowing, and protects the surface of the teeth and mucous membranes against biological, mechanical and chemical factors. 66 The proper activity of the salivary glands is essential for all these saliva functions. It is clinically proven to occur when unstimulated saliva is at a level of >0.2 mL/min and stimulated saliva is at a level of >0.7 mL/min. Despite the undoubtedly leading role of proper saliva secretion in maintaining oral homeostasis, the number of available scientific analyses concerning saliva secretion in children and adolescents with overweight/obesity problems is still low.
The results of the studies by Modéer et al. 25 and Fadel et al. 26 revealed a significant decrease in the secretion of stimulated saliva in obese teenagers (aged 10-18) compared to their peers without overweight, which was contrary to the reports of Pannunzio et al., who focused on the secretion of stimulated saliva in a group of children up to 10 years of age. 52 In the study by Fadel et al., the reduction of stimulated saliva secretion corresponded to the increase in BMI, which may suggest that the secretion activity of the salivary glands is impaired by increased body weight. 26 Also, the results of the study conducted in a group of adults by Lehmann-Kalata et al. confirmed decreased stimulated and unstimulated saliva secretion in obese people compared to those with normal body weight. 32 In the study conducted by Rodríguez et al., 67 the secretion of unstimulated saliva, and in the study of de Campos et al., 68 the secretion of both unstimulated and stimulated saliva did not differ significantly in the group of obese children and children with normal body weight. However, Rodríguez et al. observed that unstimulated saliva secretion was considerably higher in obese girls than in obese boys, which was not observed in a group of adolescents with normal body weight. 67 The mechanisms by which obesity affects saliva production have not been fully examined. A significant degree of steatosis of the parotid glands of obese patients has been demonstrated in the absence of pathological morphological changes in the submandibular glands. 69 It is well-accepted that human parotid glands produce saliva mainly upon stimulation, while the submandibular glands provide unstimulated saliva. [70] [71] [72] [73] Therefore, it is believed that changes in the composition or secretion of stimulated saliva signal abnormalities in the function of the parotid glands. Similarly, the dysfunction of the submandibular glands is connected with changes in unstimulated saliva secretion. In the parenchyma of the parotid glands there are adipocytes that stimulate the expression of proinflammatory cytokines, like tumor growth factor β1 (TGF-β1), IL-1, and, through ROS-mediated stimulation, the Akt-кB signalling pathway activates MMPs. DNA synthesis and the expression of Na + /K + ATPase are hindered by TGF-β1, which negatively affects epithelial proliferation. 74 Increased activity of MMPs results in inflammation and the reconstruction of extracellular matrix. These factors are known to lead to decreased response of residual acinar cells to noradrenaline (NA) and acetylcholine (ACh), or receptor reconstruction. All these processes may result in diminished secretion of stimulated saliva and a weakened mechanism of protein synthesis/secretion, which is the phenomena that we observed in the saliva of obese adult patients.
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Summary
Childhood obesity is a complex and multidisciplinary clinical problem that is of interest to physicians of various specialities (including dentists). Recently, more attention has been paid to the metabolic consequences of obesity within the oral cavity, including increased incidence of caries and periodontal diseases, diseases of the stomatognathic system, as well as impaired saliva secretion and changes in its biochemical composition. It is believed that in the face of a growing epidemic of obesity in children and adolescents, dental practitioners should participate in the systemic treatment and prevention in this group of patients. Numerous changes in the oral cavity (e.g., caries, periodontal diseases) have a common etiological background stemming from metabolic obesity disorders. These include excessive consumption of sugars, sweetened beverages and fast food snacks. It is well-known that adipose tissue does not only store energy, but is also a biologically active organ influencing the hormonal and mineral metabolism, as well as the activity of children's immune system. Changes in the immune system (increase in proinflammatory cytokine secretion) may affect the condition of the periodontium, and -along with poor hygiene in obese children -also cause chronic systemic inflammation. Due to hormonal changes causing accelerated skeletal and dental growth, overweight/obese children and adolescents should be regularly examined by orthodontists.
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